Introduction
"Precision agriculture" emerged as a favorite buzzword in agricultural discussions of the 1990s. This type of agriculture is defined as a "management strategy that uses information technologies to bring data from multiple sources to bear on decisions associated with crop production" (NRC, 1997, p. 2). In the conventional sense of the term, precision farming includes monitoring of grain yield and moisture, and application of fertilizer and 16 chemical inputs through use of global positioning systems (GPS), i.e., site-specific electronic receivers that use satellite transmissions to determine precise latitude, longitude, and altitude of any location. Precision agriculture promises economic benefits for the producer and environmental benefits for society through improving the efficiency of input use (Vanden Heuval, 1996 ). Yet, fulfillment of these promises has been mixed to date (Pierce et al., 1995) .
Wolf and Wood (1997, p. 187), for example, have argued that "the most significant environmental impact of precision fanning is that its emergence preserves existing social structures and patterns of distribution of political and economic power by reinforcing the roles of fossil fuel-based fertilizer, synthetic pesticides, and other industrially produced inputs." On the farm, precision agriculture technologies replace human management, yet human interpretation of the voluminous amounts of data is still required. In addition, proven efficiency of input use is still uncertain. Despite these critical issues, however, it appears that "precision agriculture" will continue in the agriculture vernacular into the 21st century. If this is indeed the case, we argue that alternative forms of precision agriculture need to be included in the discussion. In this article, we propose another sense of the term and suggest that precision agriculture, or at least long strides in that direction, is possible short of these highly complex methods and capital investments, through integrated crop management (ICM). ICM is a form of precision farming, but rather than focusing on individual inputs to optimize fertility or weed control, the whole farm operation is examined. ICM links best management practices (BMPs) into an integrated plan, while broadening integrated pest manage-ment (IPM) from managing pests to incorporating all aspects of crop production. These aspects include soil fertility, variety selection, crop rotations, tillage, timing of planting and harvesting, and other crop production factors, which are examined on a field-by-field basis (Brown et al., 1994) , resulting in site-specific treatment.
ICM's primary focus is on planning, whereby the management plan takes a holistic approach to optimizing profitability of the entire operation. All crop production decisions are included in the plan and balanced against available capital, labor, soil and machinery resources, and environmental concerns. Each producer's success with ICM builds on existing and newly acquired knowledge and evolves over time. The application of ICM results in an individualized program of crop management that is not solely aimed at maximizing yields, but rather at sustaining the environment while increasing production efficiency and profitability (Brown et al., 1994) .
As practiced by the producer or provided by independent crop consultants, ICM is one alternative to providing information-intensive management on the farm, which has proven efficiency of input use. Although ICM cannot provide the finite precision that emerging technologies promise, consideration of the whole system rather than the parts, and accessibility for both large-and small-scale farmers, makes it a less capital-intensive alternative, compared with "high-tech" methods. That is, the promise of beneficial economic and environmental benefits holds true in a manner that is much more accessible to all producers (Petrzelka et al., 1997) .
One way ICM is delivered is through independent crop consultants trained in an integrated systems approach. As noted by Benbrook et al. (1996, p. 232) , independent crop consultants "serve as vital sources of information" in integrated management. In a study of producers who participated in an Iowa State University Extension program that employed crop consultants promoting ICM, those producers who remained in the project significantly decreased their N fertilization rates, as well as significantly increased their use of ICM through increased use of scouting before treatment, spot treating rather than broadcasting, using post-emergence herbi- cides, using less than "label" rates, and banding (Petrzelka et al., 1997) .
However, studies of independent crop consultants and specific impacts on ICM are infrequent in the literature. Wolf (1995) has noted that while private-sector firms such as agricultural dealers and independent crop consultants have primary roles in producers' fertilizer and pesticide decisions, documented influence of these on farming systems is lacking.
General information on the consultants' perspectives and the types of services they provide in agricultural production is beginning to be documented. For example, Lambur et al. (1989) examined services offered by private consulting firms and found that 85% scouted for various pests, 84% conducted soil testing, and 99% provided pest management. In a 1993 survey of subscribers to Ag Consultant, 75% of the consultants indicated that they offered ICM recommendations (Nowlin, 1993) . The study, sponsored by the National Alliance of Independent Crop Consultants (NAICC), found also that 76% of respondents offered soil fertility recommendations, 75% offered crop inspection and scouting, and 73% offered pest management recommendations (Doane Agricultural Services, 1'993). In a 1994 U.S. Department of Agriculture survey of independent crop consultants, those practices "most frequently used" included "fertility management, crop rotation, pest-resistant varieties, and scouting" (USDA ERS, 1995, p. 1). These findings begin to show the role of independent crop consultants in farming systems. They also reveal that scouting, pest management, and fertility recommendations-all essential components of ICM-are the main services offered by these advisors and used by their clients. However, despite the increased use of independent crop consultants, documentation of producers' perceptions of consultants' services is limited, and there has not been a comparative study of users and nonusers of crop consultants providing ICM.
To begin filling this void, ISU Extension's Pesticide Impact Assessment and Integrated Pest Management Programs sponsored a survey of Iowa farmers, including those who use and do not use independent crop consultants. The objectives of the study were to ( 1) gather benchmark data on producers using independent crop consultants who practice ICM, and (2) examine agricultural practices of those producers who utilize ICM and those who do not.
Two types of data analysis were conducted. We looked first at the particular services clients received and implemented, as well as the economic benefits producers derived from using consultants. We then compared differences in farm operations, practices, and attitudes of agricultural producers who used or did not use independent crop consultants offering ICM services.
Methods
ISU Extension sociology and entomology personnel designed the survey instruments. Data were collected in single faceto-face interviews conducted at each producer's residence during July and August 1994. Two producer groups were surveyed: those who had hired crop consultant services (users) and those who had not (nonusers). The individuals interviewed were primarily corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] producers.
For the user sample, consultants from the Iowa Independent Crop Consultants Association (IICCA) were asked to submit client names. The IICCA, formed in 1984, is an active organization of 30 independent crop consultants, i.e., professionals who provide services, information, and recommendations for a fee, but do not sell or promote specific products.
For our comparison of users and nonusers, a matched sampling procedure was followed. For each user interviewed, the next closest neighbor farming row crops on at least 162 ha (400 acres), but not employing a crop consultant, was contacted. This farm size was chosen to ensure that the comparative sample comprised producers with average or larger hectarage in Iowa (162 ha or greater in row crops is above average for Iowa farmers). While this selection method is not random, it has credibility for the questions we pursued, by providing a comparative sample of producers in the same locality with similar farm size, soils, and weather conditions. Of 152 users contacted, I 28 were successfully interviewed, for a response rate of Table 2 . Implementation of integrated crop management practices recommended by independent crop consultants.
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Products to use or not use Application alternatives Do nothing Other cultural control practices Crop rotation alternatives Chemical control options 84%. Of 145 nonusers identified, 128 were successfully interviewed, for a response rate of 88%. On occasion, as indicated in the results section, sample size (n) is nominally smaller as not all respondents replied to all questions. Independent t-tests were performed to analyze differences between user and nonuser groups on interval measurement-based farm and operator characteristics and attitudinal statements. Chi-square tests were performed to analyze differences on selected nominal level-based variables relating to implementation of new farming practices, changes in farm operation, and reasons for using a consultant.
Multiple regression analysis was conducted to further examine the influence of independent crop consultants on farming practices, inputs, and profits. A dummy variable "Status," indicating users and nonusers, was created. By matching our sample geographically we controlled for factors such as soil and rainfall. To control for other explanatory variables, we included total hectarage, com hectarage, age, education, and gross farm income in the regression analysis. An index "Adopt," which measured adoption of various ICM practices, was created from the variables included in Figure 2 . These included changes made in N, P, and K rates, fertilizer use, and pesticide application.
Precise wording of some questions differed slightly between the groups surveyed, to accommodate situational factors. For users, for example, certain questions were prefaced with the phrase "Since working with a crop consulting firm ... "; while for nonusers, the words "In the last five years ... " prefaced the same questions. To check for significant differences due to this variation, the user group was split into two groups: those who had hired consultants in the preceding 5 years, and those who had worked with consultants for longer than 5 years. Analysis of these two subgroups found no statistical differences between them. Therefore, we conclude that the different wording with respect to time frame, used in certain questions, did not significantly alter the respondents' answers.
Results and Discussion

Overview of consultants' services
We first asked users on what basis, and how much, did they pay for their consultants' services. Forty-seven percent paid on a per area basis on their total farm, whereas 42% paid on a per area basis on a portion of the farm. For those who paid on a per area basis on their total farm, 81 % paid between $7 .50 and $12.50 per ha ($3 and $5 per acre). Seventy-eight percent of those who paid per area on part of the farm paid between $7 .50 and $12.50 per ha ($3 and $5 per acre). Among users, 6% paid per service offered and 3% paid a flat fee plus per area charges for services. We did not distinguish our cost analysis for specific crops; nonetheless, our findings are similar to those of Wright et al. (1997) , who found that for both com and soybean hectarage in Iowa, the average price charged by independent crop consultants was approximately $10 per ha ($4 per acre).
Crop consultant users were then asked to indicate the services they purchased from their consultant(s). The most pervasively purchased service was soil sampling of P and K either by using a grid or by soil type method (91 % of respondents). Pest scouting for weeds, insects, and diseases was purchased by 86% of users, and nutrient testing for N by 54% of users.
Users were then offered a list of services and asked to indicate in which areas their crop consultant provided information or recommendations. Of 10 services identified, 53% or more of the respondents used 6 services (Table 1 ) . Approximately three-fourths or more of the user respondents indicated that they received site-specific information and recommendations on various components of ICM. These included commercial fertilizer rates (91 % of users), insect management (89%), weed management (87% ), and disease management (72% ). These results parallel findings from the consultant surveys mentioned previously.
Of special interest in our study was the implementation of consultant recommendations. Respondents were asked to indicate whether they followed the recommendations on pest management made by their consultant (Table 2 ). Overall, 63% or more of the producers surveyed indicated they followed their consultant's recommendations, with higher implementation rates for individual management recommendations. For example, the principal insect American Journal of Alternative Agriculture management recommendations implemented were economic threshold determinations (92% ), rates and timing of insecticide applications (91 % ), and products to use or not to use (90% ). The principal weed management recommendations implemented were products to use or not to use (93%), rates and timing (91%), and application alternatives (85%). The leading disease management recommendations followed were crop rotation alternatives (85% ), chemical control options (82% ), and other cultural control practices (76%).
These high implementation percentages are similar to those from the previously cited studies. For example, in the nationwide survey of subscribers to the professional magazine Ag Consultant, 79% estimated their clients followed their advice "most of the time" (Doane Agricultural Services, 1993, p. 9). In a USDAsponsored study, 84% of independent crop consultants noted their clients followed their recommendations at least most of the time (USDA ERS, 1995, p. 1). We suggest that these findings reflect a certain level of trust between consultants and their clients. Eighty-six percent of the Iowa users have employed their crop consultant(s) for 2 years or more. Establishing trust, along with the length of time needed for this process, is an essential component for continued use of crop consultants, and, therefore, to implementation of ICM.
The need for a trust relationship between consultant and producer, and the amount of time needed to build this trust, is suggested elsewhere. Campbell (1997) reports, for example, that as California farmers involved in a 3-year IPM project see the economical and environmental benefits of using IPM practices, trust is built over time between the farmers and independent pest control advisors. In addition to specific farming practices, time and trust need to be considered when attempting, as well as assessing, alternative precision agriculture activities.
Finally, we examined the economic benefit of using crop consultants that was perceived by users. Users were instructed, "For every dollar you spend on your consultant, estimate how many dollars you receive in return." Of producers in this group, 7% indicated they received less return on their investment, while 13% indi- cated they broke even. However, almost three-fourths (74%) of those responding indicated they received a $2-$5 return for every dollar they invested in a crop consultant (Fig. I) . Specifically, 30% indicated they received double their cost; 10%, triple; 12%, quadruple; and 22% indicated they quintupled their investment. These answers are consistent with documented records from the ISU Extension-sponsored ICM program, which revealed the return on investment from independent crop consultant services was in the range of 4: l (Petrzelka et al., 1997).
Farming practices and attitudes of users and nonusers of consultants
A second objective of our study was to examine agricultural practices and attitudes of those who used crop consultants, and their producer neighbors who did not. We compared farm and operator characteristics, changes in management practices, yield and profit information, and attitudes towards crop consultants. Users of consultants tended to be larger-scale producers who farmed more land and had higher gross farm income from selling agricultural products (Table 3 ). Among users, 31 % held a college degree, compared with 17% of nonusers. These farm and operator characteristics are typical of many agricultural research studies that find early adopters of a new technology (in this case crop consultants using ICM) have larger operations and more years of education (Rogers, 1995) . We also were interested in how producers who use crop consultants differed from nonusers in terms of changes in fertilizer use and pesticide application. Users were asked, "What new ideas has your consul- tant helped you with?" Nonusers were asked, "What new ideas have you adopted in the past 5 years?" (Fig. 2) . For users, 79% noted their consultant had helped them with changes in fertilizer use. This differs significantly from nonusers, 44% of whom indicated they had made changes in this practice. When asked specifically about alterations made in fertilizer use, 72% of users indicated a change in N rates had occurred since using a crop consultant, whereas 58% of the nonusers indicated a change in N rates in the past 5 years. When 20 asked to comment on the specific changes they made in fertilizer rates, 99% (n = 88) of users indicating a change stated that they decreased their rates of N.
In examining changes in P and K application rates, 77% of users revealed that they changed rates during the time they had a crop consultant, whereas 38% of nonusers indicated that they changed rates in the past 5 years (Fig. 2) . For users, 100% of those indicating they made a change (n = 96) noted that they decreased rates of P and K since employing a crop consultant. Among users, 67% had made changes in pesticide applications, while 33% of nonusers (significantly less) indicated they had implemented changes in pesticide applications. While we do not have information on the types of pesticide application changes made, and there may be occasions where the producer increases chemical use with ICM, this is not the norm. We believe the majority of users who made changes in pesticide applications reduced their rates of application, as they did for N, P, and K.
These findings indicate that users of consultants choose to take action on their consultants' recommendations. To investigate the impact (if any) of these changes in farming practices on yields and profits (Fig. 3 ), users were asked, "What changes have occurred as a result of working with a crop consulting firm?" Nonusers were asked, "Since 1988, how have your yields, inputs and profitability changed?" Although soybean yields increased similarly for both groups, changes in com yields, profits, and input costs differed significantly. Among users, 41 % increased their com yields, compared to a 38% increase reported by nonusers. An increase in farm profits per area was reported by 59% of users, compared with 20% of nonusers. Further, 20% of users indicated an increase in total cash input per area, compared with 64% of nonusers. The savings made by users on inputs and profit gains parallel the favorable findings on financial return for the money invested in a consultant. With these producers, a decrease of N, P, and K benefits both yields and profits.
The multiple regression analysis further documents the contribution made by consultant use towards explaining differences in ICM adoption, cash inputs, and profits. After controlling for farm operation size (total hectares operated and total com hectares) and operator characteristics (age and education), the addition of crop consultant use in the multiple regression equation results in a statistically significant increase in the amount of variance explained (Table 4) . Thus, the data clearly show environmental and economic consequences for respondents employing crop consultants.
The positive impacts of changes made in users' farming operations, including the accompanying economic benefits, are borne out in attitudes towards crop consultants held by the two groups. Respondents were given a list of factors to identify why some farmers use crop consulting, and asked to rate the importance of each factor ( Table 5 ). The top two factors identified as very important for users and nonusers alike were "greater profitability" (81 % and 64%, respectively) and "crop consultant has skills that I don't have" (74% and 51 %, respectively) . The degree to which these attitudes were held, however, differed significantly between the groups. Users knew (and no doubt had learned over time) that consultants could save them money, and also provide skills the producer may be lacking. Nonusers were less likely to agree that profit could be gained from using a crop consultant, and that the consultant had special skills that they did not have.
The Iowa consultants who provided us with their clients' names were those who, no doubt, were promoting ICM to its fullest. Therefore, the positive outcomes in this study are not a complete surprise. Despite this, there are still several noteworthy implications from our findings.
First, this study provides benchmark data of agricultural producers employing independent crop consultants who advocate and practice ICM. Secondly, the differences between users and nonusers revealed that several benefits are gained from the information and management recommendations provided by crop consultants. These benefits are both economic and environmental. Specific management practices that are reported to increase with employment of a consultant include more precise pest management and alterations in nutrient rates, which, in tum, lead to decreases in pesticide and fertilizer use. These reductions in inputs have apparently not adversely affected yields or the producers' financial situations. Rather, the majority of users (59%) indicated an increase in profits since hiring a consultant. Furthermore, they attributed changes in total cost of production to their consultants' effectiveness (56% ), and indicated they were receiving double or better return for every dollar invested in consultant services (74%).
Among users, 88% indicated that they would recommend their crop-consulting 
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firm to a neighbor and/or friends , and 79% indicated that they had already done so. Clearly, this group of clients acknowledges the benefits of employing a crop consultant. In Iowa, most reputable independent consultants are reportedly "turning down" new clients (K. Connelly, member IICCA, personal communication, 1995). If so, there may be a scarcity of independent crop consultants.
Conclusions
If ICM, delivered through independent crop consultants or by farmers directly, is to become the "other" precision agriculture, it is imperative we find innovative ways to incorporate ICM and training of independent crop consultants into the curricula of land-grant universities and vocational schools. This recommendation is not new (Benbrook et al., 1996; Lambur et al., 1989) .
Fortunately, some moves are being made in this direction. One collaborative effort with NAICC is the New Pathways Educational Project, which calls for a degree program that involves integrated education (among all disciplines involved in ICM) and is taught by both practitioners and researchers. Dan Bradshaw (1998), director of the Project, states that while "Integrated pest management, integrated crop management, best management practices . . . and many other 'management' approaches have been promoted by universities and government ... very little investment in time or resources has gone towards preparing the people who can make these management concepts a reality." He continues, "A true partnership between universities and private-sector practitioners with support from interested government agencies (U.S . Department of Agriculture, Environmental Protection Agency), commodity groups, foundations, and industry could train the people with the knowledge required to meet the environmental, economic and societal needs of the future. This partnership could unleash a tremendous synergy to accomplish the IPM and ICM challenges applied agriculture faces." This partnership could also provide precision agriculture in the form of ICM. But how to make this curriculum a reality is the challenge.
The results of this study confirm the important role that Iowa's independent crop consultants play in agricultural production and environmental protection through their promotion of ICM activities. Site-specific management provided by independent crop consultants is an alternative form of precision agriculture that is accessible to all producers, both large and small. By using independent crop consultants trained in ICM, producers are offered many of the "perks" of site-specific management, thus gaining economical benefits for themselves, and environmental benefits for all. Table 2 . Impact of Midwest Organic Alliance retail marketing efforts on consumer awareness, shelf space allocations, and sales of organic products in 1997.
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